Natural-history traits of Thamnophis scaliger (Mesa Central blotched garter snake), a Mexican endemism recently separated from Thamnophis scalaris, are almost unknown. We provide information on biometric and pholidotic traits according to sex for a large sample of individuals, and compare these morphological data with those available for T. scalaris, in order to place the species within the morphological context of the highly diverse genus Thamnophis. Moreover, we examine the adaptive value of sexually dimorphic characters from an evolutionary approach. Thamnophis scaliger appears to have fewer subcaudal and ventral scales than T. scalaris. Our sample also suggests that T. scaliger females have larger snout-vent lengths, masses, and body condition indexes (traits related to fecundity) than males, but that males have larger ventral and subcaudal scale numbers, and higher absolute and relative tail lengths (traits related to sexual selection) than females. Ventral and subcaudal scale number is a surrogate of vertebrae number (somites). If females are longer and relatively heavier than males but exhibit a lower number of somites, we suggest that this sexual dimorphism might be driven by the necessity for females of having larger and consequently more robust vertebrae to anchor muscles that have to move a heavier body.
The genus Thamnophis (American garter snake), distributed throughout North and Central America between 10ºN and 60ºN and between 5ºW and 140ºW, is the most widely-distributed reptile in North America (ROSSMAN et al., 1996) . It is the most diverse and studied genus of North American snakes, comprising 31 species (DE QUEIROZ et al., 2002) . Information, however, is biased to some species, and while a few of them have been widely studied (more is known about T. sirtalis than about any other American snake), very little is known about life histories of many other species in the genus. This unbalanced knowledge prohibits meaningful comparative studies in morphology and natural history from an evolutionary ecology approach. In this sense, understanding phylogenetic relationships among taxa requires knowledge of morphological parameters in all species (REEDER & WIENS, 1996) .
The present study characterizes morphological traits of Thamnophis scaliger, a small, poorly-known species endemic to central Mexico (ROSSMAN et al., 1996) , previously considered a subspecies of T. scalaris and recently elevated to the rank of species (ROSSMAN et al., 1996; ROSSMAN & LARA-GÓNGORA, 1997) . Its position within the genus Thamnophis, however, remains unclear. In a mitochondrial DNA analysis of 29 species within the genus (DE QUEIROZ et al., 2002) each of two specimens of T. scaliger from localities separated by approximately 100 km were placed in different clades. One specimen nested with T. scalaris, in agreement with morphological evidence (ROSSMAN & LARA-GÓNGORA, 1997) , while the other nested within the sister group to the clade containing T. exsul and T. errans. This result suggests that T. scaliger may be polytypic, and indicates a need for additional data to quantify morphological variability. In view of this confusing situation, we compare morphological data collected from T. scaliger with those available for T. scalaris in order to place the species within a morphological diversity context in the genus Thamnophis. Moreover, we provide supplementary data for biometric and pholidotic traits according to sex for a large sample of individuals, and examine the adaptive value of some characters from an evolutionary approach. Previously, basic morphological information for T. scaliger was provided only by ROSSMAN et al. (1996) and ROSSMAN & LARA-GÓNGORA (1997) .
MATERIALS AND METHODS

Thamnophis scaliger occurs in the Distrito
Federal and the states of México, Aguascalientes and Michoacán (19-22°N, 98-102°W; elevation 2230-3000 m above sea level; QUINTERO-DÍAZ et al., 1999; CANSECO-MÁRQUEZ et al., 2007) in the northern portion of the Mexican Transverse Volcanic axis and the southern fringe of the Mesa Central. The study area is situated near Atlacomulco, north-western México State (19.70ºN, 99.87ºW; 2500-2700 m above sea level), in the highlands of the Central Volcanic Belt of México, near and within the valley of the Río Lerma (Fig. 1) . The study area for the sample considered here occupies 74 hectares of pasture for cattle and sheep and fields for various crops. Climate in this area is cool and humid, but while maximum daily temperatures are relatively independent of the season, daily minimum temperatures are variable (mean minimum and maximum temperatures are 0.1-20.2ºC for January and 8.8-21.2ºC for July). Rainfall is highly seasonal, with 69% (570 of 830 mm) of annual precipitation falling between June and September, and with monthly precipitation during the driest portion of the year (January to May) averaging 3% of the annual total (Comisión Nacional del Agua station 00015139-Atlacomulco; approximately 5 to 15 km away from study sites; data recorded from 1961 to 1992). Thamnophis scaliger inhabits pastures near streams and margins of crop fields; human alteration has reduced natural vegetation to river gallery in the valley.
Field sampling was performed daily from June to August 2008 and 2009 by between two and five researchers during morning hours (10:00-13:00), the peak activity period for the species in this area. Snakes were collected above ground or beneath rocks and debris by hand or with tongs and georeferenced by GPS in order to release individuals at the exact point of capture following proces- A total of 161 (71 males, 90 females) T. scaliger and four T. scalaris were captured. Snakes were anaesthetized in the laboratory (within 20 km far from any of the study areas) with an approximate dosage of 0.8 ml/l of isoflurane as described by MOCIÑO-DELOYA et al. (2009) , to obtain reliable biometric and pholidotic measurements (SETSER, 2007) . Individuals were marked with a PIT tag (TX148511B model, 8.5 x 2.1 mm, 0.1 g, 134.2 kHz, Destron-Fearing, St. Paul, Minnesota, USA) as described by MOCIÑO-DELOYA et al. (2009) before release in order to avoid replication of data. Males and non-gravid females were released within one to four days after capture, whilst gravid females were kept in the laboratory until parturition (between one and two weeks).
We measured snout-vent length and tail length (SVL and TL, respectively, ± 1 mm), head length and head width (HL and HW, respectively, ± 0.1mm), and body mass (± 0.1 g; gravid females not included in data summaries). We used the Body Condition Index (BCI) to compare differences in body shape between the sexes; this index, widely used in snakes, is calculated from residuals of regression of log body mass on log SVL (BONNET & NAULLEAU, 1994) in mature individuals of each sex. ROSSMAN et al., 1996) . Pholidotic variables measured included the numbers of ventral scales (V; following DOWLING, 1951), subcaudal scale pairs (SC), dorsal scale rows at mid-body (D), and the numbers of preocular scales (PRO), postocular scales (PTO), loreal scales (L), anterior temporal scales (AT), posterior temporal scales (PT), supralabial scales (SPL) and infralabial scales (IFL) on each side of the head (Table 1) .
Because of high ontogenetic variation in snake body size, we included only mature individuals in our analysis to evaluate possible sexually-based differences in morphometric variables. Females mature at 267 mm SVL (SVL of the smallest gravid female; authors' unpublished data); we have no direct data, however, allowing estimation of size at maturity for male T. scaliger. PARKER & PLUMMER (1987) , after reviewing 19 studies on 10 species of small viviparous colubrids (e.g. T. scaliger), found that, on average, males matured at 87% of the size of conspecific females. As males reach 84% of the maximum size of females (see Results), this approach is very similar to estimating sexual maturity in males by utilizing the difference in maximum size between both sexes (SHINE, 1990) . Using the generalization calculated by PARKER & PLUMMER (1987) , we estimated that male T. scaliger matured at 235 mm SVL.
Variables not normally distributed (SVL of the top decile of each sex) were assessed by nonparametric statistical tests (Mann-Whitney U-test). Tail length, HW and HL varied with body size, and comparisons between sexes were made by analysis of covariance (ANCOVA) with SVL as the covariate. Although numbers of V, SC, and V + SC are not thought to vary over the life of a snake, larger body size has been associated with a greater number of ventral scales in Coronella girondica (SANTOS & PLEGUEZUELOS, 2003) ; in these variables, comparisons between sexes were also performed using ANCOVA with SVL as covariate. Comparisons among dorsal scale numbers (D) were assessed using 2 x 2 contingency tables.
RESULTS
Thamnophis scaliger typically exhibit 7 SPL, 9 IFL, 1 PRO, 3 PTO, 1 L, 1 AT, 2 PT, and 19 D (Table 1 ). The sample of T. scalaris was quite small, but in average, T. scalaris were larger and heavier than T. scaliger and females differed in number of SC: 51-56 in T. scalaris, 39-48 in T. scaliger (Table 2 ).
Head characters (N)
SPL (70) IFL (70) PRO (70) PTO (68) L (70) AT (69) PT (69) D (113) Possible arrangements 7 + 7 6 + 7 6 + 6 9 + 9 8 + 9 8 + 10 1 + 1 3 + 3 2 + 2 2 + 3 2 + 1 1 + Adult female T. scaliger were larger and heavier than males (Table 2) , and differences persisted when we compared SVL from the top decile of each sex (males: 361.9 ± 5.1 mm, range 356-369 mm, N = 7; females:
405.2 ± 13.9 mm, range 395-439 mm, N = 9; Mann-Whitney U test: Z = 3.334, P < 0.001). The longest male measured 369 mm SVL, and 35% of the 87 measured females had an SVL greater than this value. In both absolute and relative scores, male tail was longer, representing 19.5% of the total length in this sex (N = 61), whereas in females the tail represented 17.0% of total length (N = 70). In contrast, when body length was used as covariate, body mass was higher in females than in males (Table 2) .
BCI was higher in females (0.60, N = 40) than in males (0.53, N = 49), as demonstrated by ANCOVA with sex as factor and SVL as covariate (F 1,87 = 28.40; P < 0.0001). We found no differences between the sexes in relative head length or width ( Table 2 ).
The number of V + SC scales after correcting by SVL was higher in males than in females (Table 2; Fig. 2 ). While ventral scale count did not overlap between sexes, SC counts showed limited overlap (two males and five females [5.4% of specimens] had 48 pairs of subcaudal scales; Table 2 ). Males and females differed in the relationship between body length and number of ventral scales: at similar body length, males had more V, SC, and V + SC than did females (Table 2; Fig 2) . There were no differences in the number of D between sexes (χ 2 = 0, d.f. = 1, P = 0.96).
DISCUSSION
Differences between T. scaliger and T. scalaris ROSSMAN et al. (1996) , ROSSMAN & LARA-GÓNGORA (1997) and this study demonstrated broad overlap in morphological traits between the two species. However, T. scaliger apparently has a shorter head and a lower number of subcaudal scale pairs than T. scalaris (with no overlap between species when sex is considered), and a shorter relative tail length (the shortest in the genus; ROSSMAN et al., 1996) . This pronounced tail length difference is due to accommodation for the extremely long hemipenes of T. scalaris, which, when invaginated, reach SC pair 27 (ROSSMAN & LARA-GÓNGORA, 1997).
Thamnophis scaliger and T. scalaris occur in sympatry at only one of the three sampled sites, in La Estancia (16 km NE of the main study area). At this locality, however, the few specimens examined had modal values for biometric and pholidotic traits of the species to which they belong. With due reservations because of the small number of localities we sampled, we suspect these species tend to be allopatric in distribution, but, when in syntopy, each one retains the morphology exclusive to its species. In this sense, the size of the two "scaliger" specimens cited by RAMÍREZ-BAUTISTA et al. (1995) near the study area far exceeded the largest snake recorded in our substantial T. scaliger sample, and we suggest these specimens were actually T. scalaris. Table 2 for ANCOVA results.
Sexual dimorphism in T. scaliger
Body size is one of the most important biological attributes of an organism, and the genus Thamnophis includes terrestrial and aquatic forms with maximum total lengths between 463 mm and 1626 mm (ROSSMAN et al., 1996) . Thamnophis scaliger is one of the smallest species within the genus, larger only than T. exsul. Within T. scaliger, females achieve greater body length than males, a general characteristic for this and other natricine colubrid snakes (FITCH, 1981) . Female snakes that make a significant investment in reproduction tend to attain larger body size than males (SHINE, 1993; BONNET et al., 2000) , and T. scaliger is not an exception, as postpartum relative clutch mass is rather high (55% on average, authors' unpublished data) compared to values from other ovoviviparous species (SEIGEL & FITCH, 1984) .
Male snakes generally have longer tails than females (SHINE et al., 1999) because of the need to accommodate the hemipenes at the base of the tail (KING, 1989) . Because of this sexual dimorphism in tail length, males also have a higher number of subcaudal scales than females and, accordingly, 94.2% (90.6-98.5%, α = 0.05) of individuals were correctly sexed based solely on this character. Males also had a higher number of ventral scales; while this tendency appears in 89% of species of Thamnophis (ROSSMAN et al., 1996; SHINE, 2000) , it was found in only 20.9% of 255 various snake species examined by SHINE (2000) . Female snakes generally have relatively longer bodies than males to permit accommodation for a large volume of eggs/embryos, which results in a higher number of both trunk vertebrae and ventral scales (fecundity selection; SHINE, 1993) . In contrast, a larger proportion of male body somites are devoted to the formation of the tail, which accommodates the hemipenes. Relatively longer tails in males are a generality in snakes (FITCH, 1981) ; 94% of species examined by SHINE (2000) showed sexual dimorphism in subcaudal scale number, with higher values in males. Relatively longer tails in males may increase success in mating or male-male rivalry (sexual selection; KING, 1989) .
Body length and tail length are highly correlated with the number of ventral and subcaudal scales and subject to selection (SHINE, 2000) . In most snake species, the relationship between body length and number of ventral scales is similar in males and females (SHINE, 2000) . In species sexually dimorphic in size, this similar relationship permits natural selection to alter body proportions in either or both sexes by varying ventral scale number, and therefore vertebrae number (SHINE, 2000) . However, this was not found in the genus Thamnophis (SHINE, 2000) nor in T. scaliger included in this study, since males had more ventral and subcaudal scales (and therefore more vertebrae) per unit body length than did females. Despite having a lower number of ventrals (and subcaudals and, subsequently, ventrals + subcaudals), female T. scaliger have longer bodies than males and higher body condition indexes (at equivalent lengths, females tend to be thicker than males). Assuming the number of ventrals (and the number of subcaudal pairs) to be reflective of the number of vertebrae and that this relationship is universal in snakes (ALEXANDER & GANS, 1966) , we presume that the thicker sex (the female) has fewer vertebrae than the male. According to our presumption, it is plausible to argue that females should have larger and consequently more robust vertebrae to anchor muscles that have to move a heavier body. We did not test this possibility by necropsy or X-rays, but the alternative hypothesis -i.e. female vertebrae are not larger but simply longer than male ones -is less plausible. Sexual dimorphism in body thickness has been found in other viviparous snakes and is interpreted as an adaptation to female reproductive function (AUBRET et al., 2002) . Although we were unable to test our argument, we suggest the existence of a functional relationship between sexual dimorphism in body shape and vertebrae size in snakes.
We failed to find sexual differences in head shape or any other structures related to prey handling. This result is surprising given the sexual dimorphism detected in other parts of the body. Absence of sexual variation in head morphology may reflect the lack of functional differences in diet between male and female T. scaliger, since as far as we know, both sexes forage on the same small prey (earthworms, REGUERA et al., 2011) . This conclusion agrees with the sexual dimorphism in head observed in species with diet variation between sexes (VINCENT et al., 2006) .
